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Farmed oysters host a diverse community of epifaunal and infaunal fouling taxa, including alien species, and 
these are easily translocated in the course of commercial oyster trade. We document the diversity and densities of 
fouling taxa associated with farmed oysters Crassostrea gigas in South Africa, how effectively these are removed 
by conventional cleansing techniques, and whether those that remain after cleansing survive intra-regional 
translocation. Over 40 invertebrate species belonging to 11 major taxa were found living on farmed oysters. Both 
mean abundance (A) and biomass (B) of invertebrate taxa associated with uncleansed oysters (A: 79.48, SD 233.10; 
B: 0.034 g, SD 0.314) were greatly reduced following cleansing (A: 2.30, SD 7.65; B: 0.0003 g, SD 0.002), but small 
numbers survived even after translocation (A: 1.87, SD 7.43; B: 0.006 g, SD 0.020). We examined the effectiveness 
of exposing oysters to either fresh water or heated seawater as a more thorough cleansing regimen to prevent the 
translocation of such taxa. Oysters survived soaking in fresh water (0% mortality after 18 h) better than immersion 
in heated seawater (26.7% mortality after 40 s), but associated organisms were more effectively eliminated by the 
latter treatment. However, as some taxa survived both types of treatment, translocation of oysters would still pose 
some bio-security risks, even following such treatments.
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Oysters have been moved around the world since Roman 
times in order to establish or enhance aquaculture ventures 
(Andrews 1980, Chew 1990). This activity has, in turn, 
resulted in the accidental translocation of large numbers of 
other marine species that are associated with live oysters. 
Ruesink et al. (2005) document the introduction of oysters to 
79 countries outside of their native ranges, 66 of these being 
the Pacific oyster Crassostrea gigas. They also list 78 alien 
marine algae, invertebrates and protozoan species introduced 
to nine regions (Argentina, Gulf USA, the Baltic Sea, New 
Zealand, Australia, East USA, West USA, French Atlantic, 
and the North Sea) via oyster culture. In earlier papers, we 
have described the history and status of the oyster culture 
industry in South Africa (Haupt et al. 2010a), and have 
provided a comprehensive review of the literature on oysters 
as vectors of marine alien species. Haupt et al. (2010b) listed 
alien invertebrates found in association in South African oyster 
farms, and detailed newly recorded introductions attributable 
to oyster farming as a vector. These topics are therefore not 
reviewed again here.
In this study, our focus shifts from international to local, or 
intra-regional, translocation of species associated with C. gigas 
culture and distribution. After the initial importation of alien 
shellfish, further regional spread can occur through a variery 
of translocation mechanisms (Buchan and Padilla 1999, 
Bossenbroek et al. 2001, Johnson et al. 2001). In fact, once 
an introduced species has been brought into a region, there 
tend to be few legal or economic constraints preventing its 
further distribution within that region (Miller et al. 2001). Local 
or intra-regional translocation of oysters has become increas-
ingly problematic in the spread of fouling organisms, particu-
larly alien species (Wasson et al. 2001), but this has received 
little attention in the literature and none in South Africa. 
In the oyster industry, local or intra-regional transloca-
tion may involve the exchange of commercial oyster stock 
and spat between growers and nurseries in different areas 
(Wasson et al. 2001). Although common, such transloca-
tions are rarely documented (JT Carlton, Williams College–
Mystic Seaport, USA, pers. comm.). Wasson et al. (2001) 
indicated that 18 or more alien species, from a total of over 
50 found in the Elkhorn Slough Estuary in central California, 
had the potential to be transported with oysters through intra-
regional translocation. A similar situation exists in north-
western Europe, where consignments of oysters transported 
overland within mesh bags could be implicated in the spread 
of the Asian crab Hemigrapsus penicillatus and the predatory 
snail Ocinebrellus inornatus (Minchin 2007). The brown 
alga Undaria pinnatifida, initially introduced to Europe with 
consignments of oyster spat imported from Japan (Ohno 
and Largo 1998, Wolff and Reise 2002), is also spread from 
harbour to harbour through local maritime transport associ-
ated with translocated oysters (Voisin et al. 2005). 
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In South Africa, a complex system of translocation and 
local exchange exists between oyster farms, nurseries, 
retailers and customers. Oyster nursery facilities in Walvis 
Bay (Namibia), Kleinsee, Paternoster and Jeffreys Bay 
import oyster spat from hatcheries in Chile, France and the 
UK (Haupt et al. 2010a). These are grown in the nurseries 
for two months, after which they are transported to various 
oyster farms, where they are grown to adult or market 
size. In some incidences, juveniles are also translocated 
to neighbouring farms, where waters are better suited for 
growth, and returned once market size is reached. From 
the farms, they are purchased by supermarkets and restau-
rants, or sold directly to the general public. 
Since oysters are consumed alive, they are frequently 
kept in holding tanks upon arrival at supermarkets and 
restaurants. Some of these retailers are located at or near 
the sea and a flow-through system between holding tanks 
and the ocean may exist to supply oysters with a continuous 
flow of fresh seawater. Occasionally, oysters purchased 
by the general public may even be stored in the marine 
environment (e.g. suspended from a houseboat or private 
jetty). Once the oysters have been consumed, their shells, 
with any live associated fauna, may also be disposed of 
into local water bodies. In this way, alien species present on 
C. gigas (as well as the oysters themselves) may expand 
to new sites and biogeographic regions (Chapman et al. 
2003, Robinson et al. 2005a). Although oysters are usually 
cleansed before leaving nurseries or farms, ‘hitchhiking’ 
organisms are still found on or between the grooves of 
oyster shells, or even in the mantle cavity. It is important 
to note that species transported in this way are not 
necessarily imported with the oyster spat, but may colonise 
the growing oysters in the oyster farm, following which they 
may be translocated to other sites, expanding the range of 
native species, or setting up a new nucleus of invasion for 
introduced species. 
The oyster operation located in the Knysna Estuary 
provides a useful case study. Juvenile C. gigas are purchased 
from a nursery in Jeffreys Bay, which in turn imports spat from 
Chile and France. In the estuary, the juveniles are grown 
for four months, after which they are transported to Algoa 
Bay oyster farm, where conditions for growth are consid-
ered more suitable. Oysters grown in these waters reach 
market size after only a further 3–4 months and are then 
returned to the Knysna Estuary and kept in holding tanks 
until purchased (MB Solomons, Knysna Oyster Co., pers. 
comm.). Such oyster movements may thus result in the 
translocation of fouling species in both directions between 
these two areas. 
The standard cleansing procedure prior to transloca-
tion involves manually removing fouling organisms from 
the oyster shells, after which oysters are jet blasted with 
seawater. At the Cape Knysna Oyster Company, the mesh 
bags in which juvenile oysters are held are merely shaken 
off in the estuarine water to remove excess mud, before 
being translocated to Algoa Bay (A Malgraaf, Knysna Oyster 
Co., pers. comm.). These consignments of oysters are not 
inspected for associated species. 
The translocation of fouling organisms still persisting 
following these simple cleansing procedure can be reduced 
or eliminated by more thorough cleansing regimens (Wasson 
et al. 2001). Nel et al. (1996) suggested treatment of commer-
cially reared C. gigas in fresh water for 12 h, or in heated 
seawater at 70 °C for 40 s, to reduce the numbers of the 
mudworm Polydora hoplura. Korringa (1976) also suggested 
that immersing oysters in heated seawater at 70 °C for 20 s 
would eradicate external fouling organisms, with no injury to 
the oysters.
This study examines the numbers, types and quantities 
of fouling species occurring on C. gigas in a South African 
oyster farm, how effectively these are removed by the 
standard cleansing procedure of manually removing fouling 
organisms and jet-blasting oysters with seawater, and if 
species still persist, whether or not they survive transloca-
tion. The effectiveness of exposing C. gigas to fresh water, or 
heated seawater, as a further cleansing regimen to eliminate 
any remaining fouling species, was also tested. In this way, 
we attempt to quantify the risks associated with translo-
cating oysters and aim to suggest mechanisms for reducing 
the translocation of indigenous species beyond their natural 
range, as well as the spread of marine alien species associ-
ated with oysters. 
Material and methods
Faunal survival during cleansing and translocation
Cultured C. gigas oysters were collected from the Striker 
Fishing Oyster Company, Saldanha Bay, in August 2007. 
Samples of 30 oysters each were examined to evaluate the 
numbers and densities of species present at each of three 
stages in the handling process: uncleansed, cleansed (i.e. 
after manual removal of fouling organisms and jet-blasting) 
and following translocation. All oysters were of market size 
(>50 g total wet weight) and were collected from the same 
stock of Chilean oysters. Each sample was made up of 
three subsamples of 10 oysters, each taken from different 
parts of the farm and with each subsample taken from 
three separate baskets on the same culture rope. For the 
30 oysters representing the uncleansed stage, each oyster 
was placed into a separate plastic bag and then immersed 
in 10% formalin. Organisms residing on the shells and in 
the grooves of individual oysters were counted (solitary 
organisms) or weighed (colonial organisms) and identified to 
species, or when this was not possible, to generic or family 
level. The two samples of 30 oysters each, representing the 
cleansed and translocated stages, underwent the standard 
cleansing procedure of manually removing visually obvious 
organisms residing on the oyster shells and jet-spraying with 
seawater. Individual oysters from the cleansed treatment 
were also placed in separate plastic bags and covered with 
10% formalin. Counts of organisms and types of species still 
remaining on cleansed oysters were obtained by searching 
for organisms on the shell and in the grooves. To simulate 
translocation, oysters were packaged with ice in polystyrene 
boxes, exactly as for commercial shipment, and transported 
to the University of Cape Town. They were kept there in 
this state for 24 h, replicating the time and conditions under 
which oysters are typically kept during normal commer-
cial shipments. Thereafter, individual oysters were placed 
in containers of seawater and examined microscopically 
for live organisms. Survival was assessed for Polychaeta 
by movement of tentacles, for Cnidaria by movement of 
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tentacles or expansion, for Mollusca by closure of their 
shells, for Crustacea by movement of appendages, and for 
Porifera by retention of colour and form.
Treatment to eliminate fouling species
The effectiveness of submerging C. gigas in fresh water 
and heated seawater in order to decrease or eliminate 
those fouling species that survived cleansing was also 
tested. Oysters were collected from Striker Fishing Oyster 
Company, Saldanha Bay, in October 2008, where they were 
cleansed as above, before translocation to the University of 
Cape Town where experiments were carried out. Oysters 
weighed an average of 63.71 g total wet weight. The time 
periods 3, 6, 9, 12, 15 and18 h were chosen for soaking 
oysters in fresh water and 20, 40 and 60 s for immersion 
in heated seawater; based on a preliminary study by Nel 
et al. (1996) that showed that treating oysters with fresh 
water for 12 h, or heated seawater (70 °C) for 40 s, signifi-
cantly reduced, but did not completely eliminate, fouling 
organisms. 
In the freshwater experiment, salinity was measured 
using an ATAGO S/Mill Salinty 0–100% handheld refrac-
tometer. It remained at 0% throughout the experimental 
period. For each trial, 15 oysters were soaked in individual 
containers of fresh water, then transferred to individual 
containers of seawater overnight (12 h) to recover, following 
Nel et al. (1996). After this recovery period, oyster survival 
was tested by observing if contraction of the mantle edge 
occurred after mechanical stimulation. Epifaunal organisms 
were examined under a dissecting microscope and survival 
noted if feeding activity, or retraction in response to stimula-
tion, occurred. Polychaete survival was difficult to determine 
visually as they often retreated into their burrows. After 
inspection for other species, oysters were transferred to 
individual containers of 0.05% phenol solution in seawater 
overnight (12 h). This vermifuge is used to extract burrowing 
polychaetes from bivalve shells (Handley 1995). A control 
group of 15 untreated oysters was also placed in 0.05% 
phenol solution for 12 h to obtain an initial polychaete count. 
The percentage survival was determined by comparing 
the average number of polychaetes emerging from the 
untreated oysters (control) with the number emerging from 
oysters treated with fresh water. 
For the heated seawater experiment, three samples of 15 
oysters each were placed in a warm water bath set at 70 °C 
for either 20, 40 or 60 s. Thereafter, oysters and associated 
organisms were treated as above.
Statistical analyses
Statistical analyses were carried out using Statistica 8. The 
abundance of solitary fouling taxa, or biomass of colonial 
fouling taxa, occurring per oyster and numbers of fouling 
species occurring per oyster, were compared between 
uncleansed, cleansed and translocated stages using a 
non-parametric Kruskal-Wallis one-way analysis of variance 
test, followed by multiple comparisons of mean ranks. Where 
a taxon present in the uncleansed and cleansed stages 
was absent in the translocated stage, a non-parametric 
Mann-Whitney test was used to compare the abundance 
or biomass of fouling taxa per oyster and the numbers of 
species per oyster among uncleansed and cleansed stages. 
If a taxon occurred in one treatment only, statistical analyses 
were not applicable. Analyses were conducted separately 
for the different taxa. As species found in some taxa were 
both solitary and colonial, measurements and graphs are 
presented for both abundance (solitary organisms) and 
biomass (colonial organisms). 
Results
Over 40 species of epifaunal or infaunal invertebrates, 
representing 11 major taxonomic groups, were recorded 
from the relatively small number of oyster examined, which 
included 10 introduced species (Table 1).
Faunal survival during cleansing and translocation
Uncleansed oysters harboured a much higher mean 
abundance and biomass of all taxa recorded compared to 
either cleansed or translocated oysters (Table 1), many of 
these differences being statisticaly significant (Table 2). The 
total abundance (A) and biomass (B) of associated fauna 
per oyster was more than 30 times greater for uncleansed 
oysters (A: 79.48, SD 233.10; B: 0.034 g, SD 0.314) than 
after cleansing (A: 2.30, SD 7.65; B: 0.0003 g, SD 0.002), 
and more than 40 times greater than after translocation (A: 
1.87, SD 7.43; B: 0.006 g, SD 0.020) (Table 1). Taxa that 
occurred in greatest abundance on uncleansed oysters 
included the introduced amphipod Jassa slattery, the native 
tanaid Anatanais gracilis (342.37 [SD 480.8] and 53.07 [SD 
61.41] per oyster respectively), the introduced polychaete 
Polydora hoplura (115.77, SD 84.42) and the introduced 
mussel Mytilus galloprovincialis (69.23, SD 36.29). Significant 
declines were also recorded in the numbers of species 
surviving from the uncleansed to cleansed and finally translo-
cated conditions (Table 1), the actual number of species 
recorded declining from 39 in untreated oysters to 15 after 
cleansing and 13 after translocation.
Treatment to eliminate fouling species
The percentage survival of different epifaunal and infaunal 
taxa, as well as of the oysters themselves, after soaking in 
fresh water and heated seawater for various time periods are 
illustrated in Figure 1. 
There was zero mortality of oysters even after 18 h in 
fresh water (Figure 1a, b). Cnidarians (Aulactinia reynaudi) 
and brachiopods (Discinisca tenuis) did not survive even the 
shortest immersion times, whereas the polychaete P. hoplura 
showed a steady decrease in survival, with only 2.5% 
survival after 18 h (Figure 1a). Other polychaete species 
(Cirriformia capensis, C. tentaculata, Lepidonatus semitectus 
clava, Loimia medusa, Nereis sp., Platynereis dumerilii, 
and Syllis sp.) maintained a stable 77% survivorship up to 
the maximum soak time of 18 h (Figure 1a). Crustaceans 
(Anatanais gracilis, Austromegabalanus cylindricus, Jassa 
slattery and Notomegabalanus algicola) showed mixed 
results, with zero survivorship after 6 and 9 h in fresh water, 
but 23.5%, 4.9% and 12% survivorship for 12, 15 and 18 h 
respectively (Figure 1b). The molluscs Aulacomya ater and 
M. galloprovincialis all survived 6 h in fresh water, thereafter 
survival decreased to 44% after 9 h, although only 27.3% 
died after 18 h (Figure 1b). Echinoderms (Thyone aurea) 
all died after 9 h or more in fresh water. Ascidians (Ascidia 








Abundance (n) Biomass (g) Abundance (n) Biomass (g) Abundance (n) Biomass (g)
Porifera
Knobbly-orange sponge 0.114 ± 0.624 0 0
Leucosolenia sp. 0.003 ± 0.009 0.001 ± 0.003 0.023 ± 0.036
Cnidaria
Aulactinia reynaudi 0.90 ± 1.60 0.07 ± 0.36 0
Eudendrium spp. 0.002 ± 0.009 0 0
Virgularia schultzei 0.0002 ± 0.001 0 0
Platyhelminthes
Planocera gilchristi 0.27 ± 0.52 0 0
Polychaeta
Cirriatulidae spp. 0.03 ± 0.18 0 0
Flabelligiridae spp. 0.03 ± 0.18 0 0
Nereidae spp. 0.83 ± 2.11 0.03 ± 0.18 0.03 ± 0.18
Nereis spp. 0.17 ± 0.75 0 0
Lepidonotus semitectus clava 0.27 ± 0.69 0.03 ± 0.18 0.03 ± 0.18
Loimia medusa 0.53 ± 0.73 0.1 ± 0.31 0.17 ± 0.38
Platynereis dumerilii 10.47 ± 0.18 0.03 ± 0.18 0.03 ± 0.18
Polydora hoplura 115.77 ± 84.42 13.5 ± 16.66 13.53 ± 16.65
Pseudopotamilla reniformis 0.03 ± 0.18 0 0
Sabellidae spp. 0.03 ± 0.18 0 0
Sillidae spp. 1.47 ± 4.66 0 0
Spionid spp. 0.03 ± 0.18 0 0
Syllis spp. 4.97 ± 4.26 0.3 ± 0.65 0.37 ± 0.67
Terebellidae spp. 0 0.03 ± 0.18 0
Typhloscolecidae spp. 0.07 ± 0.25 0 0
Nemertea
Malacobdella grossa 1.73 ± 1.89 0 0
Pycnogonida
Tanystylum brevipes 0.03 ± 0.18 0 0
Crustacea
Anatanais gracilis 53.07 ± 61.41 1.03 ± 2.09 0.03 ± 0.18
Austromegabalanus cylindricus 0.5 ± 0.63 0 0
Dexamine spiniventris 10.7 ± 16.66 0 0
Hymenosoma orbiculare 0.9 ± 1.77 0 0
Jassa slattery 342.37 ± 480.8 0.8 ± 3.31 0.07 ± 0.37
Jasus lalandi 0.03 ± 0.18 0 0
Notomegabalanus algicola 3.83 ± 3.50 0.13 ± 0.34 0.07 ± 0.37
Paridotea ungulata 0.03 ± 0.18 0 0
Bryozoa
Bowerbrankia imbricata 0.001 ± 0.003 0 0
Bugula avicularia 0.002 ± 0.011 0 0
Mollusca
Aulacomyer ater 0.13 ± 0.34 0 0.07 ± 0.25
Mytilus galloprovincialis 69.23 ± 36.29 1.77 ± 2.81 0.5 ± 1.01
Venerupis corrugatus 4.2 ± 7.05 0 0
Echinodermata
Thyone aurea 11.8 ± 8.92 0.1 ± 0.40 0
Ascidiacea
Ascidia sp. 0.9 ± 1.35 0.5 ± 1.46 0.03 ± 0.18
Ciona intestinalis 0.03 ± 0.18 0 0
Diplosoma listerianum 0.01 ± 0.07 0 0
Pyura stolonifera 0.03 ± 0.18 0 0
Total taxa 39 15 13
Total and SD (per oyster) 79.48 ± 233.10 0.134 ± 0.314 2.30 ± 7.65 0.0003 ± 0.002 1.87 ± 7.43 0.006 ± 0.020
Table 1: Epifaunal and infaunal species present in uncleansed, cleansed and translocated oysters. Figures given are mean abundance (n) 
and standard deviation (SD) of solitary taxa per oyster, or mean biomass (g) and standard deviation (SD) of colonial taxa per oyster. Alien 
species are indicated in bold
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sp.) all survived up to 6 h in fresh water, after which survival 
decreased steadily, although complete mortality was not 
achieved even after 18 h, after which 46.2% of individuals 
still survived (Figure 1b).
In heated seawater, survivorship of oysters fell to 73% 
after 40 s and only 13% after 60 s (Figure 1c). Only 12% of 
P. hoplura and 33% of crustaceans survived after 20 s, and 
both were completely eliminated after 60 and 40 s respect-
ively. No brachiopods, molluscs or ascidians survived even 
the shortest immersion in heated seawater (Figure 1c). 
Discussion
The aims of this study were to examine the types and 
quantities of fouling species occurring on farmed C. gigas, 
how effectively these were removed by standard cleansing 
techniques, and whether species that persisted after 
washing survived intra-regional translocation. The effective-
ness of treating oysters with fresh water or heated seawater 
to eliminate fouling species was also examined.
Cleansing greatly reduced both the quantities and variety 
of fouling species surviving on C. gigas oysters and the 
proportion surviving translocation was reduced even further. 
Abundance and biomass fell by more than 30 times after 
cleansing, and by more than 40 times after translocation, 
when compared to uncleansed oysters (Table 1). The 
numbers of species surviving on each oyster also declined 
dramatically from 39 in uncleansed to 15 after cleansing and 






Solitary Cnidaria 2.22* 1
Colonial Cnidaria# NA
Unsegmented worms NA
Polychaeta 58.14* 2 (UC&C) (UC&T)
Arthropoda NA
Crustacea 69.81* 2 (UC&C) (UC&T)
Bryozoa# NA
Mollusca 64.64* 2 (UC&C) (UC&T)
Echinodermata 6.39* 1
Solitary Ascidiacea 14.32* 2 (UC&T)
Colonial Ascidiacea# NA




Polychaeta 46.85* 2 (UC&C) (UC&T)
Arthropoda NA 
Crustacea 69.43* 2 (UC&C) (UC&T)
Bryozoa NA
Mollusca 57.35* 2 (UC&C) (UC&T)
Echinodermata 5.99* 1
Ascidiacea 16.05* 2 (UC&T)
* Denotes signifi cant at the 0.05 level
Df = degrees of freedom; NA = not applicable
Table 2: Results of statistical tests analysing the abundance 
or biomass# and the numbers of species occurring per oyster 
among uncleansed, cleansed and translocated stages. Significant 
differences among groups are indicated by UC (uncleansed), 
C (cleansed) and T (translocated)
Figure 1: (a and b) Percentage survival of oysters and of various 
epifaunal taxa after soaking in fresh water and (c) in heated seawater 
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Those species that survived the entire cleansing and 
translocation process were usually those that initially 
occurred in relatively high numbers or biomass, or that 
penetrated into the oyster shells. For example, the invasive 
burrowing polychaete P. hoplura was the most abundant 
polychaete in uncleansed, cleansed and translocated stages 
(Table 1). These mudworms are noted pests of cultured 
molluscs and considerable research has been done on their 
impact (e.g. Blake and Evans 1972, Handley 1995, Handley 
and Bergquist 1997, Lleonart et al. 2003, Tinoco-Orta and 
Caceres-Martinez 2003, Simon et al. 2006). At Saldanha Bay 
Oyster Farm, C. gigas are reared using an off-bottom culture 
system, in which oysters are permanently submerged, 
enabling faster growth (Wisely et al. 1979), and this method 
promotes fouling organisms, such as P. hoplura, as they 
can then escape from siltation and benthic predators (Blake 
and Evans 1972). The cleansing procedure at the farm 
reduced P. hoplura densities by an order of magnitude, but 
a few individuals still persisted and most of these survived 
trans location. The persistence of the remaining individ-
uals was probably due to their burrowing habits, because 
burrowing organisms are less easily removed during the 
cleansing procedure compared to those occurring externally 
on the oyster shells.
The most abundant crustaceans on uncleansed oysters 
were the alien amphipod J. slattery and the native A. gracilis 
and Dexamine spiniventris. Although their numbers were 
greatly reduced by cleansing, a few still persisted after 
translocation (Table 1), probably because they either secrete 
tubes on the shells of C. gigas, or hide in the grooves of 
the oyster shells. The current range of J. slattery extends 
from Saldanha Bay/Langebaan Lagoon on the West Coast 
to Knysna on the South Coast (Conlan 1990). Although 
probably initially introduced by shipping, rather than with C. 
gigas, the translocation of oysters may thus further extend 
its distribution. 
The alien mussel M. galloprovincialis occurred in large 
numbers on uncleansed C. gigas and persisted in small 
numbers after cleansing and translocation (Table 1). This 
species has an extremely high settlement rate along the 
west coast of South Africa (Robinson et al. 2005b), hence 
its abundance on C. gigas in the region. Because mussels 
are visible, manually removing them is relatively easy and 
numbers were greatly reduced by the cleansing procedure. 
Individuals that persisted after cleansing tended to be 
juveniles living in the grooves of C. gigas shells, where they 
were difficult to remove. Although M. galloprovincialis is the 
dominant intertidal mussel throughout the West Coast and 
occurs as far east as East London (Van Erkom Schurink 
and Griffiths 1990), translocation of this species east of East 
London with consignments of C. gigas could still expand its 
already extensive range.
Among the Cnidaria, Playhelminthes, Nemertea, Pycno-
gonida, Bryozoa, Echinodermata and Ascidiacea found on 
uncleansed oysters, only one species, Ascidia sp., persisted 
after cleansing and translocation and therefore posed the risk 
of translocation with C. gigas.
It is therefore evident that, even though the cleansing 
procedure significantly reduced the densities, biomass and 
numbers of species of fouling taxa, small numbers of certain 
species still persist and survived translocation. 
Treating oysters with fresh water or heated seawater is 
thus suggested as a more thorough cleansing regimen 
to remove these fouling species. It is important that any 
such cleansing regime must not be harmful to the oysters 
themselves, as this would be unprofitable for the commer-
cial oyster operations. In our experiments, C. gigas soaked 
in fresh water all survived up to 18 h (Figure 1a, b), despite 
the fact that Nel et al. (1996) recorded oyster survivor-
ships of 91.2%, 84.8%, 87.1% and 95.8% after 3, 6, 9 and 
12 h in fresh water respectively. Freshwater treatment was 
completely effective for the removal of the alien brachiopod 
D. tenuis, a species thought to have been introduced from 
Namibia with oysters (Haupt et al. 2010b), and cnidarians, 
neither taxon surviving even the shortest soak time (Figure 
1a). Percentage survivorship of the polychaete P. hoplura 
fell to 2.5% after 18 h (Figure 1a), a result consistent with 
Nel et al. (1996), who found that P. hoplura were significantly 
reduced, but not completely eradicated, after 12 h in fresh 
water. However, those authors treated worms after extrac-
tion from their burrows and did not take into consideration 
the protection afforded the worms by their mud-enclosed 
burrows. In our study, other species of polychaetes seemed 
relatively unaffected by freshwater treatment, probably 
finding protection within their burrows and maintained a 
stable percentage survivorship of 77% even for the longest 
soak times used (Figure 1a). 
Survivorship rates for crustaceans and molluscs after 
soaking in fresh water were unpredictable. Our observa-
tions suggest that larger crustaceans (e.g. barnacles) and 
mussels survived longer than smaller ones, although as 
shells were discarded immediately after inspection, we were 
unable to re-analysed size data to quantify this. Thus, an 
increase in percentage survival of crustaceans and molluscs 
after a longer soak time was probably due to larger individ-
uals occurring on those oysters randomly chosen for that 
particu lar trial. A small percentage of echinoderms survived 
up to 9 h in fresh water, but died thereafter (Figure 1b). 
Ascidians survived 6 h in fresh water, after which percentage 
survival decreased steadily. Complete eradication was, 
however, not achieved even after 18 h, when 46.2% of 
individuals were still alive (Figure 1b).
Oysters exposed to heated seawater survived for 20 s, after 
which survivorship decreased rapidly to 73% after 40 s and 
only 13% after 60 s (Figure 1c). This result was consistent 
with Nel et al. (1996) who also showed that oyster survival 
decreased rapidly with soak time in heated seawater. The 
majority of epifaunal taxa, namely Brachiopoda, Mollusca and 
Ascidiacea, were completely eradicated after soaking for only 
20 s in heated seawater (Figure 1c), supporting Korringa’s 
(1976) observation that immersing oysters in 70 °C seawater 
for 20 s killed external foulers (e.g. mussels) with no injury 
to the oysters. Polydora hoplura and crustaceans were more 
resilient, with 12% and 33% respectively dying after 20 s and 
complete elimination after 60 and 40 s respectively. Soaking 
oysters in heated seawater for 60 s was, however, not 
feasible as very few oysters survived (Figure 1c). 
From these results, soaking in heated seawater, as 
opposed to fresh water, appears to be the more effective 
elimination treatment. Although oysters were able to survive 
for long periods in fresh water, most taxa were eliminated 
faster and more effectively by heated water. Nel et al. (1996) 
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also found that heat treatment yielded the lowest average 
survival of mudworms (1.13 per oyster) compared with 
freshwater treatment (1.59 per oyster). They suggested 
soaking oysters for 40 s in heated seawater at 70 °C as 
the most practical time, as their results showed greater 
percentage oyster mortality at 45 s (i.e. 8.7%). Oyster 
mortality was much higher after only 40 s in our study, i.e. 
26.7% (Figure 1c). However, a shorter soak time of 20 s, with 
no oyster mortalities, did not completely eradicate all fouling 
taxa (e.g. 11.5% of P. hoplura and 33.3% of crustaceans 
still survived). Soaking for a shorter time would therefore not 
be efficient, because the survival of only a few individuals 
of an alien species is required for a successful introduction. 
Soaking oysters for 18 h in fresh water did not completely 
eradicate fouling taxa, but the percentage survival of most 
taxa decreased substantially. 
Alternative measures to rid oysters of fouling taxa have 
also been documented. Schleyer (1991) found that intertidal 
rearing of oysters yielded lower P. hoplura infestation when 
compared to subtidal oyster beds. The reason for this is that 
newly settled juvenile and adult mudworms are susceptible to 
desiccation (Wisely et al. 1979). Thus, an alternative method 
for eradicating fouling organisms is periodic drying by exposing 
oysters to air for three days. Wisely et al. (1979) showed that 
this method was successful in killing most encrusting fouling 
organisms, but not mudworms. Nel et al. (1996) suggest that 
this was due to the treatment being administered after a three 
and a half month grow-out period, by which time newly settled 
mudworms had already excavated a protective burrow. Thus, 
care should be taken as to when the treatment is carried out. 
The literature suggests that treatment for mudworms is best 
carried out before they settle in their burrows. Zottoli and 
Carriker (1974) found that free-living mudworms only start to 
excavate burrows after one month in the laboratory, whereas 
De Keyser (1987) reported incidental infestations in C. gigas 
after two months. Thus, submerged oysters should be treated 
at monthly or bimonthly intervals (Nel et al. 1996). Oysters 
should not, however, be left out of the water for long periods 
as growth would then be slower than if they were submerged. 
This may, however, be countered by the fact that oysters 
cleansed of fouling organisms generally have a higher growth 
rate (Wisely et al. 1979).
In conclusion, this study quantifies the risks associated 
with the intra-regional translocation of C. gigas oysters. It is 
clear that oysters do support a rich and diverse invertebrate 
community that includes a number of alien species. Current 
cleansing procedures remove many, but not all, of these 
species. Thus, intra-regional translocation of oysters may 
aid in transporting indigenous species beyond their natural 
range, and facilitate the spread of marine alien species. 
Although treating oysters with either fresh water or heated 
seawater is possible, this is not fully effective and additional 
preventative measures, such as inspecting for fouling species 
before leaving oyster operations, and public awareness of the 
risks associated with translocating live oysters, or temporally 
storing C. gigas oysters in nearby seawater or in tanks 
connected to the open sea, are required. 
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